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Role of T cells in the mediation of Heymann nephritis. ii. Identification
of Thi and cytotoxic cells in glomeruli. The role of immunoglobulin (Ig)
and complement as mediators of Heymann nephritis (HN) has been
questioned by recent studies showing that HN can be induced in a
C6-deficient rat that cannot assemble the membrane attack complex of
complement. Also, the severity of HN can be reduced by therapy directed
at CD8 T cells, which has no effect on antibody (Ab) production or
immune deposits. To identify whether T cells may contribute to the
glomerular injury of active HN in Lewis rats, the mononuclear infiltrate
and cytokine mRNA in glomeruli and kidney interstitium were examined.
Groups of Lewis rats immunized with FxIA in CFA developed HN, and
were compared to controls that received CFA only. Proteinuria, the
marker of glomerular filtration barrier dysfunction, was absent at four
weeks but present at eight weeks in HN. Serum anti-Fx1A Ab and
glomerular Ig were present in HN at both time points. Immunoperoxidase
staining with monoclonal Abs identified, at eight weeks, a glomerular
infiltrate of CD4 and CD8 T cells, and macrophages, but not NK cells.
Semiquantitative RT-PCR of isolated glomeruli at eight weeks demon-
strated expression of cytokine mRNA for Thi CD4 cells (IFN-y and
TNF-13/LT, but not IL-2), cytotoxic CD8 T cells (granzyme A and
perform), and macrophages (TNF-a and IL-b), but not Th2 CD4 cells
(no increase in IL-4, IL-5 and IL-6). At eight weeks, the cellular infiltrate
and pattern of cellular activation in glomeruli was different to that in renal
cortex. In the cortical infiltrate CD8 cells were a lesser component, and
NK cells were increased, as were CD4 cells and macrophages. RT-PCR
identified increased cytokine mRNA for macrophages, Thi and Th2 cells,
but not cytotoxic effector T cells. At four weeks, T cells including CD4
and CD8 cells were identified in the isolated glomeruli of rats with HN,
but there was no increase in cytokine mRNA expression. There was no
infiltrate or increase in cytokine mRNA detected in renal cortex at four
weeks. Anti-Fx1A Ab's and glomerular deposition of Ig develop many
weeks before the onset of proteinuria, when there is only a small cellular
infiltrate present. The progressive development of infiltrates of activated T
cells, principally Thi and cytotoxic effector cells, and macrophages, within
glomeruli is coincident with the development of proteinuria. These
findings raise the possibility that these cells contribute to the mediation of
the glomerular injury and proteinuria of HN.
Heymann nephritis (HN) is a rat model of autoimmune-
mediated glomerulonephritis that is similar in histopathology to
human idiopathic membranous nephritis [1, 21. Active HN is
induced by immunization of susceptible strains of rat (Lewis,
PVG, Fisher, AS) with rat renal tubular antigen (RTA, Fx1A) in
complete Freund's adjuvant (CFA) [3, 4]. The pathogenesis of
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HN has been thought to be due to antibody (Ab) binding to
glomerular epithelial cell (GEC) antigens, and the activation of
complement (C) to form the membrane attack complex (MAC).
This results in GEC injury and proteinuria [5]. Recently, Leen-
aerts et a! [6] have reported that active HN develops normally in
PVG rats deficient in complement component 6 (C6), which
cannot form MAC. Physical disruption of the filtration barrier by
accumulation of large immune deposits was suggested as the
cause of proteinuria [6].
Mediation of glomerular injury in HN has been thought to be
essentially leukocyte independent [7]. The role of T cells in the
mediation of glomerular injury has not been investigated in detail,
although T cells have an established role in production of
anti-Fx1A antibody in HN [8]. Interstitial mononuclear cell
infiltrates have been described in HN [91, and include aTCR,
CD4 and CD8 T cell populations, and macrophages [10, 11].
Glomerular infiltrates of T cells [11] and macrophages [12] have
been previously identified within the glomeruli of Lewis rats with
HN. Early studies suggested that classical T cell effector responses
are involved in HN, including passive transfer of HN to tolerant
rats by lymphoid cells but not serum [9, 13], and lymphoid cells
from rats with HN demonstrating cytotoxicity to rat renal cells in
culture [14]. Also, classic DTH-type responses to Fx1A have been
demonstrated in HN both in vivo by skin tests and in vitro by
antigen-induced PBL blast transformation [15].
Experiments with anti-T cell subset monoclonal antibody
(mAb) therapies also suggested that T cells are central to the
induction and glomerular injury of HN [11]. In this study,
anti-CD4 mAb therapy completely abrogated proteinuria, with
only moderate impairment of Ab production and glomerular
immunoglobulin (Ig) deposition, which supports a role for CD4
T cells beyond providing help for Ab and C responses. Further-
more, anti-CD8 mAb therapy that only temporarily depleted
CD8 T cells reduced proteinuria, even though it did not effect
Ab production and glomerular Ig deposition. With either form of
therapy, there is no infiltration into glomeruli and the interstitium
of CD4 and CD8 + T cells, and macrophages. This report implies
that T cells have a role in the induction of HN beyond that of help
for Ab production, and suggests that cytotoxic CD8 T cells may
have an independent effector role in glomerular injury.
The function of T cells can be defined by the cytokines they
produce. Thi cells produce IL-2, IFN-y and TNF-/lymphotoxin
(LT), function as help for CD8 cytotoxic T cell generation, and
also mediate DTH-type responses. Th2 cells produce IL-4, IL-5,
IL-6 and IL-b, and provide help for Ab isotype switch from 1gM
1059
1060 Penny et a!: T-cells in Heymann nephritis
to IgG [16], an important step in the production of anti-Fx1A Ab
in HN. Cytotoxic T cells produce lytic molecules including per-
form and granzymes that injure target cells [17].
The purpose of this study was to further examine the role of T
cells in HN. The infiltrate of mononuclear cells was assessed using
mAbs on isolated glomeruli, which allow better characterization
of the cellular infiltrates than counting from glomerular cross-
sections on routine biopsy. A semiquantitative reverse transcrip-
tase PCR (RT-PCR) was used to identify mRNA of Thi cell
cytokines IL-2, IFN-y and TNF-13/LT, Th2 cell cytokines IL-4,
IL-5 and IL-6, CD8 effector molecules granzyme A and perform,
and macrophage and mesangial cell cytokines TNF-a and IL-b.
These studies identified a glomerular infiltrate of CD4 and
CD8 T cells, and macrophages associated with the detection of
mRNA for Thi, cytotoxic cell and macrophage cytokines, but not
Th2 cytokines.
Methods
Experimental design
HN was induced in groups of 6 male Lewis rats with the same
batch of Fx1A in CFA. Control groups of 6 male Lewis rats
received CFA only. The parameters used to determine the
presence and activity of disease were proteinuria, anti-Fx1A Ab
titers, and glomerular Ig deposition. These were measured at four
weeks after induction of disease, the preproteinuric phase during
which there is an Ab response and glomerular Ig deposition, at six
weeks, and eight weeks when proteinuria is established. To
determine the nature of leukocyte and T cell subset infiltrates and
their cytokine profiles, immunoperoxidase (IP) and RT-PCR
studies were performed on renal cortical biopsy and isolated
glomeruli at four and eight weeks.
Experimental animals
Inbred male Lewis rats (Lew/ssn) were bred in the animal
facility at Liverpool Hospital (Sydney, NSW, Australia) and used
when six to seven weeks old. Water and standard chow were
available ad libitum. FxIA was produced using outbred male
Sprague-Dawley rats from the Animal Breeding and Holding Unit
(University of New South Wales, Sydney, NSW, Australia). All
venesections, immunizations, and renal biopsies were performed
under general anesthesia with inhaled ether. The experimental
protocols were approved by the Animal Care and Ethics Com-
mittee, University of New South Wales.
Assessment of disease activity
Fx1A was prepared as described [4, 18]. Rats were immunized
s.c. into each of their hind footpads with 100 t1 of Fx1A
emulsified in CFA. Each rat received a total of 15 mg of Fxl A, 1.0
mg of Mycobacterium tuberculosis H37RA (Difco, Detroit, MI,
USA), 100 tl of IFA (Sigma), and 100 l of PBS. A booster
immunization of 7.5 mg of Fx1A, 50 pA of IFA, and 50 tl of PBS
was given s.c. at the back of the neck two weeks later. Control
animals were immunized with the appropriate emulsion prepared
without FxIA.
Twenty-four hour urine samples were collected in metabolic
cages (Nalgene, Rochester, NY, USA) during which rats had
access to water ad libitum. Urine protein concentrations were
determined by colorimetric assay (Biorad, Oakland, CA, USA)
and expressed as mg/100 g body wt/24 hr.
Anti-FxIA Ab titers were determined by ELISA as described
[19]. Fx1A for ELISA was solubilized and purified by fractional
salt precipitation [4]. The second phase Ab used was goat anti-rat
IgG alkaline phosphatase, affinity purified (Dako, Copenhagen,
Denmark). Triplicate sample absorbances were read at 405 nm,
corrected for a control sample of known strongly positive serum,
and expressed as a percentage of sample absorbance/positive
serum absorbance. The Fx1A Ab titer of the control positive
serum was 1:250.
Glomerular Ig deposition was demonstrated by IP of renal
cortex using mAb to rat K light chain (MRC OX-12; Serotec,
Oxford, UK) [20]. The degree of glomerular Ig staining was
scored as follows: 0 = absent; + = weak; + + = moderate; ++ +
= intense.
Isolation of intact glomeruli
Glomeruli were isolated by graded sieving to greater than 95%
purity using a modification of the technique described by Misra
[21]. Briefly, anesthetized rats were perfused via the abdominal
aorta with heparinized PBS at 37°C until the kidneys were
blanched. The following steps were all at 4°C. Cortical slices were
pressed through a 250 m stainless steel sieve (Endecotts Ltd,
London, UK). The mash was further dissociated by being drawn
through a 21G needle and then gently washed with PBS through
150 m and 75 j.m stainless steel sieves in series. Glomeruli
retained on the 75 jim sieve were rinsed with PBS, and further
purified by gravity sedimentation. Microscopic examination con-
firmed greater than 95% purity of glomeruli compared to non-
glomerular fragments. Glomeruli for PCR were immediately
processed for total RNA extraction, while those for IP were air
dried on microscope slides and processed as described below.
Immunoperoxidase cytochemistiy
Renal cortical wedge biopsies were embedded in OCT, snap
frozen in liquid nitrogen, and stored at —80°C. The mouse anti-rat
mAbs used included: R73, which recognizes the aI3TCR receptor
on T cells [22]; W3/25, which recognizes CD4 T cells and some
macrophages [23]; MRC OX-8, which recognizes CD8 T cyto-
toxic and NK cells [24]; 3.2,3, which recognizes a triggering
structure expressed on NK cells [25]; ED-I, which recognizes most
macrophages and some dendritic cells [26]; and MRC OX-12,
which were either purchased from Serotec (Oxford, UK), or
produced in the laboratory.
For renal biopsies, 5 jim tissue cryosections were air dried, fixed
in acetone, and washed in PBS. Sections were quenched in 3%
H202 for three minutes, and washed in PBS. Renal cortex was
stained for mononuclear cell subsets using mouse anti-rat mAbs,
and an indirect peroxidase-antiperoxidase complex technique as
previously described [11]. Isolated glomeruli were enzymatically
permeabilized for IP staining as described by Schreiner et al [27,
28] and Cook, Smith and Cattell [29], with extensive modification.
Drops of isolated glomeruli were air dried for one hour on
poly-L-lysine coated glass microscope slides, and then incubated
at 37°C for 20 minutes with a solution of 0.1 mg/mi Collagenase D
(>0.15 U/mg; Boehringer Mannheim GmbH, Germany) and 10
mg/mi Soybean Trypsin Inhibitor (STI, —190 U/mg; Boehringer
Mannheim) in PBS with B salts. The slides were then washed in
PBS for 15 minutes. The very low tryptic activity of Collagenase D
of 0.1 U/mg, combined with STI, ensured protection of
leukocyte cell surface markers. These slides were then stained
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Table 1. Primer and probe sequences for RT-PCR of mononuclear cell cytokine mRNA
Cytokine Sequence Length Reference
IL-2 s
a2
p3
5'-tta cag gtg etc etg aga ggg ate g-3'
5'-cae cae agt tgc tgg etc ate ate g-3'
5'-gtt tea att etg tgg cet get tgg gea ag-3
288 bp [321
IL-4 s
a
p
5'-tee atg eac ega gat gtt tgt ace a-3'
5'-ett tea gtg ttg tga geg tgg act e-3'
5-etc gtt etc egt ggt gtt cet tgt tge egt-3'
238 bp [33]
[34]
IL-5 s
a
p
5'-agg atg ctt etg tge ttg a-3'
5'-aeg eea agg aae tet tge a-3
5'-gee tea teg tet eat tgc teg tea aca gag-3'
365 bp [35]
IL-6 s
a
p
5'-gag gat ace ace eac aae aga eca g-3'
5'-gga gag cat tgg aag ttg ggg tag g-3'
5'-gee att gea eaa etc Ut tet eat tte eaa g-3'
412 bp [36]
IL-b s
a
p
5'-taa ggg tta ett ggg ttg eea age e-3
5'-agg gga gaa ate gat gae age gee-3'
5-gat tte tgg get atg ett etc tge etg ggg-3'
173 bp [371
IFN-y s
a
p
5'-gga tat ctg gag gaa etg gea aaa g-3'
5'-get aga tte tgg tga eag etg gtg-3'
5'-etg tgg gtt gtt eac etc gaa ett gge gat-3
288 bp [38]
TNF-a s
a
p
5-eec aae aag gag gag aag tte eea-3'
5'-tge tgg tac cac eag ttg gtt gte-3'
5-get tgg tgg ttt get aeg aeg t-3'
222 bp [39]
TNF-p s
a
p
5'-tct agg gge eea ggg act etc tgg t-3'
5'-gta gag gee act ggt ggg gat eag g-3'
5'-ett get ggg gta eec aae aag gtg age age-3'
229 bp [40]
Perform s
a
p
5'-egg etc aca etg eca gcg taa tgt-3'
5-cea tee agg gte age tga eag gta-3'
5'-gec agg ega aaa etg tac atg ega eac tee-3'
450 bp [41]
Granzyme A s
a
p
5'-gag gag aca egg ttg ttc etc aet-3'
5'-ete aga gtt tea gag gga get gac-3'
5'-tee eac gtt aea gtg gge age agt eaa eac-3'
406 bp [42]
GAPDH s
a
5'-tgt ate cgt tgt gga tet gac atg e-3'
5'-eee tgt tge tgt age eat att eat tgt c-3'
254 bp [43]
Abbreviations are: s, sense; a, antisense; p, probe.
with minor modifications to the incubation conditions for cortical
biopsies, and were not counterstained. Stained cells in each renal
cortex section were counted on x400 high power fields (HPF) and
expressed as cells!HPF, as a mean SD of 10 HPFs. Stained cells
in each isolated glomerular specimen were counted in individual
glomeruli throughout all focal planes and expressed as cells!
glomerulus, as mean o of 20 glomeruli.
Semiquantitative reverse transcription PCR (RT-PCR)
Total RNA was extracted from renal cortex or isolated glomer-
uli using a modification of the method of Chomoczynski and
Saeehi [30]. Samples of frozen cortex were crushed, and further
dissociated at 4°C in RNAzoI B (Cinna/Biotecx, Houston, TX,
USA). RNA extraction then followed the standard protocol for
RNAzol B. The final product was air dried, dissolved in DEPC-
treated water, and stored at —80°C. Sample RNA levels were
quantitated by reading the absorbance at 260 nm. First strand
complementary DNA (eDNA) was synthesized using the M-MLV
Reverse Transcriptase kit (Gibco, Grand Island, NY, USA)
following the standard protocol. One (1.0) microgram of total
TaWe 2. Disease parameters for Control (CFA) and HN (FxIA/CFA)
rats
Week
Control
(N=6)
HN
(N=6) P
Glomerular Ig 4 0 + +
deposits
8 0 +++
Anti-Fx1A Ab° 4
6
8
0.8 0.1
1.1 0.1
1.4 0.2
67.3 3.8
99.5 Si
50.9 9.7
<0.0001
<0.0001
= 0.0005
Proteinuria' 4
6
8
5.3 1.4
6.4 3.2
7.5 1.7
5.0 2.0
74.9 27.3
295.2 59.1
NS
= 0.0002
<0.0001
a Percent binding (mean SD) compared with known positive serumh
mg/I00 g/24 hrs (mean SD)
RNA and Primer dT15 (Boehringer Mannheim) was used to prime
the reaction. Controls included samples with no RT enzyme, and
reaction mixture without RNA.
SS
4'
- SS
Ct
Primers were designed from rat mRNA sequences where
available, or from regions of homology in murine and human
mRNA sequences (Table 1). Amplification of the housekeeping
gene GAPDH was used as a positive control for intact RNA and
efficiency of RT. Reaction and amplification conditions were
optimized for each primer set. Corbett Research FTS-960 thermal
sequencers were used to amplify product, which was then ana-
lyzed by molecular weight on 6% polyacrylamide gels, and stained
with ethidium bromide. Specificity of the products was verified by
Southern transfer and hybridization with dideoxygenin (DIG)
3'-end labeled oligonucleotide probes. Hybridized probe was
detected using the DIG luminescent detection kit (Boehringer
Mannheim). The semiquantitative RT-PCR method modified
from Dailman and Porter [31] involved a cycle titration at 5 cycle
intervals. The cycle number used was that at which bands of PCR
product were first identified. Duplicate amplifications were done
at each cycle. This technique was reproducible, and within exper-
imental groups similar results were obtained for individual rats. A
5 cycle difference represents a 10- to 32-fold difference in mRNA
in the sample. Levels of expression were compared by assessing
the cycle of first appearance of PCR product. Duplicates were
performed for each sample at each cycle titration. Negative
controls without eDNA, and positive controls of eDNA from
Con-A stimulated rat lymphocytes, were included in all experi-
ments.
Statistical analysis
Urine protein estimations, Ab levels, and leukocyte counts for
each group were expressed as mean SD, and were compared
between groups with an unpaired two-tailed t-test. Semiquantita-
tive RT-PCR data were treated as nonparametric and groups
were compared by rank using the Mann-Whitney U-test, and
expressed graphically as the median PCR cycle number at which
product was first identified. P  0.05 was considered significant.
Data were analyzed using Statview for Macintosh (Abacus Con-
cepts, Berkeley, CA, USA).
Results
Induction of HN
Parameters of disease activity were determined in groups of six
rats. All the rats in the Fx1A/CFA HN groups developed HN,
while controls did not (Table 2). Anti-Fx1A Ab levels in the HN
group were raised at 67.3 3.8% compared to 0.8 0.1% in
controls (percent binding, mean SD, compared to known
positive serum with Fx1A Ab titer of 1:250) at four weeks, and
increased compared to the control group at six weeks, being
99.5 5.1% versus 1.1 0.1%, and was 50.9 9.7 versus 1.4
0.2% at eight weeks. IP stains with MRC OX-12 demonstrated
moderate glomerular basement membrane deposition of Ig at
four weeks in both isolated glomeruli and glomerular cross
sections of routine renal cortex biopsies. The density of this
deposition had further intensified by eight weeks, indicating
progressive accumulation of immune deposits (Fig. 1). On routine
cross sections there was marked staining of Ig in both tubular cells
and of material in the tubular lumina, demonstrating urinary Ig
losses with non-selective proteinuria. Tubular basement mem-
brane staining was not readily discernible. Glomerular Ig deposi-
tion was not detected at any timepoint in the control groups.
There was no increase in proteinuria in the HN group compared
to controls (CFA) at four weeks (5.3 1.4 vs. 5.0 2.0 mg/100 g
body wt/24 hr, mean SD), but by six weeks proteinuria of 74.9
27.3 versus 6.4 3.2 mg/I 00 g body wt/24 hr was detected (P =
0.0002), and had further increased by eight weeks to 295.2 59.1
versus 7.6 1.7 mg/100 g body wt/24 hr (P < 0.0001).
Examination of renal cortex for mononuclear cell infiltrates
Only small numbers of cells were identified in the renal cortex
of control and HN rats at four weeks, and there was no significant
difference between the groups for any subpopulation (Fig. 2). At
eight weeks, HN rats had many mononuclear cells of all subtypes
widely distributed throughout the interstitium, with little focal
infiltrate (Fig. 2). T cells were seen adjacent to tubules, consistent
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Control HN 4 weeks HN 8 weeks
R73
ct3-TCR
OX-12
lgG Fig. 1. T cell infiltrates and Ig deposition in
representative isolated glomeruli from controls, 4
and 8 week HN rats. These demonstrate an
increase in the numbers of a/3TCR cells and
the degree of Ig deposition with time.
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Fig. 2. Cellular infiltrates in renal cortex (A) four weeks and (B) eight weeks
after induction of HN, as analyzed by IP. Results are expressed as means
so of 10 HPF per rat. There were no differences in numbers of cell
populations in C and HN at 4 weeks. At 8 weeks the infiltrate in HN
stained for R73 (aJ3TCR, P 0.012), W3/25 (CD4, P = 0.007), MRC
OX-8 (CD8, P = 0.008), 3.2.3 (NK, P = 0.003) and ED-i (macrophage,P = 0.022). W3/25 results for 4 weeks are not available, however, there was
no increase in a/3TCR or ED-I cells. Symbols are: (LI) control group;
(U) HN group.
0
TI
ED-i
R73 W3/25 OX-8 3.2.3 ED-i
Fig. 3. Cellular infiltrates within isolated glomeruli (A) 4 weeks and (B) 8
weeks after induction of HN as analyzed by IP. Results expressed as mean
SD of 20 glomeruli per rat. At 4 weeks, the infiltrate in HN stained for R73
(aJ3TCR, P = 0.006), W3125 (CD4, P = 0.001), MRC OX-8 (CD-8 ,
P = 0.029), but not 3.2.3 (NK, P = NS) or ED-I (macrophage, P = NS).
At 8 weeks the infiltrate in HN stained for R73 (P < 0.001), W3/25 (P <
0.001), MRC OX-8 (P 0.001) and ED-I (P < 0.001), but not 3.2.3 (P =
NS). Symbols are: (LI) control group; (U) HN group.
A
Li-I
0)
a)0
U-
a-I
U)
U)0
na
A
120
100
80
60
40
20
0
120
100
80
60
40
20
0
R73 W3/25 OX-8
B
3.2.3 ED-i
30
25
20
15
10
5
0
30
25
20
15
10
5
C,)
U)
E0
0)
U)
a)0
U)
a)
E0
U)
a)0
R73 W3/25 OX-8 3.2.3
B
R73 W3/25 OX-8 3.2.3 ED-i
with a tubulitis. There were increased numbers of cells stained by
R73 (aTCR; X 4.1 HN vs. control, P = 0.012), W3/25 (CD4;
x 2.0, P = 0.007), MRC OX-8 (CD8; X 1.4, P = 0.008), 3.2.3
(NK; x 2.2, P = 0.003) and ED-i (macrophage; X 4.9, P = 0.022).
As W3/25 stains CD4 T cells, macrophages and mesangial cells,
and the W3I25 population exceeded the T cell infiltrate, many of
these cells were likely to be macrophages. As MRC OX-8 stains
CD8 T cells and NK cells, and 3.2.3 NK cells were only small
in number compared to the MRC OX-8 population, the majority
of MRC OX-8 cells were probably CD8 T cells and not NK
cells. At four weeks small numbers of cells from all populations
were identified in renal cortex, but there was no difference
between HN and control rats. Thus, an infiltrate in the renal
interstitium of rats with HN was related to the onset of protein-
uria between four and eight weeks.
Examination of isolated glomeruli for mononuclear cell infiltrates
Four weeks after immunization, a modest but significant mono-
nuclear cell infiltrate staining for R73 (x 1.5 HN vs. control, P =
0.006), W3/25 (X 1.4, P = 0.001), and MRC OX-8 (X 1,7, P =
0.029), but not 3.2.3 (P = NS) or ED-i (P = NS), was detected in
the isolated glomeruli of HN rats (Fig. 3). By eight weeks the
infiltrate had further progressed compared to controls (Figs. 3 and
4) with an increase in the numbers of R73 cells (x 2.5, P <
0.001), W3/25 cells (1< 1.9, P < 0.001) and especially MRC
OX8 cells (x3.0, P < 0.001). A significant infiltrate of ED-1
(x2.4, P < 0.001) cells was now present, which had developed
since four weeks. There was no increase in the number of 3.2.3k
cells in diseased glomeruli. As there was no NK cell infiltrate, and
the numbers of MRC OX-8 cells essentially equaled the num-
bers of R73 cells, this suggested that the aTCR T cell
VS
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W3/25
CD4
OX-8
CD8
3.2.3
NK Cell
ED-i
Macrophage
Control HN 8 weeks
Fig. 4. Mononuclear cell subsets in representative isolated glomeruli from
control and HN rats at 8 weeks. These demonstrate infiltrates of cells in HN
staining positively for R73, W3/25, MRC OX-8, and ED-i. There was no
increase in cells staining for 3.2.3.
infiltrate was principally composed of CD8 T cells. The majority
of the increase in CD4 cells could be accounted for by the
increase in macrophages. All HN glomeruli contained infiltrating
cells at eight weeks, while in control glomeruli only occasional
cells were present. The isolated glomeruli do not allow identifi-
cation of the site of infiltration, however, cells appear evenly
distributed throughout the glomeruli. Thus, the glomerular infil-
trate was evident before the onset of proteinuria and increased as
the disease progressed. It had a different profile to that in the
interstitium, with a relatively greater proportion of CD8 T cells.
Examination of mRNA in renal cortex using RT-PCR
Evidence for activation of mononuclear leukocyte subsets in
renal cortex in HN was assessed by use of RT-PCR of cytokine
mRNA. Tissue from four rats in each group was assayed. GAPDH
RT-PCR data confirmed similar concentrations of eDNA were
analyzed from each sample (Figs. 5, 6 and 7).
RT-PCR data for renal cortex at eight weeks is summarized in
Figure 6. Activation of a Thi cell population was evident with
increased expression of cytokine mRNA for IL-2 (PCR product
detected at a median of 30 cycles in HN vs. undetectable at  40
cycles in controls, P = 0.014), IFN-y (30 cycles in HN vs. 35 cycles
in controls, P = 0.028) and TNF-13/LT (30 cycles in HN vs. 35
cycles in controls, P = 0.037). Th2 cell activation was demon-
strated by increased mRNA expression of IL-4 (30 cycles in HN
vs. 35 cycles in controls, P = 0.009) and IL-5 (35 cycles in HN vs.
undetectable in controls, P = 0.037). IL-6 was not detected in any
cortical tissue, and there was no increase in IL-b expression in
the HN group (35 cycles in both HN and in controls, P = NS).
Macrophage activation in HN tissue was demonstrated by in-
creased TNF-cs (25 cycles in HN vs. 30 cycles in controls, P
0.009), although activated mesangial cells may also produce this
cytokine. In contrast, cytotoxic effector cell molecules were not
increased in renal cortex, as there was no increase in mRNA
expression of perform (25 cycles in HN and controls, P = NS) and
granzyme A in either group.
At four weeks, there was only background detection of IFN-y,
TNF-/3/LT, IL-4, perform TNF-cs and IL-lU at 35 cycles or more.
There was no difference in cytokine mRNA expression in the
renal cortex between the groups (not shown). This was in keeping
with the absence of an increased cortical mononuclear cell
infiltrate at four weeks in HN. This was due to circulating T cells
and macrophages present in the samples, which could be detected
by RT-PCR. As this RT-PCR assay at 40 cycles can detect
cytokine mRNA from between one and ten activated T cells
(unpublished data), the cytokine mRNA detected could be from
the background infiltrate or from mononuclear cells in the
circulation.
Examination of mRNA in isolated glomeruli using RT-PCR
At four weeks, there was no increase in mRNA expression for
any cytokine in HN compared to controls (data not shown). At
eight weeks the mRNA of Thi, cytotoxic and macrophage cell
populations, but not Th2 cell cytokines, were identified to be
increased in rats with HN compared to controls (Figs. 5 and 7).
Thi cell activity was suggested by increased mRNA expression of
IFN-y (PCR product detected at a median of 30 cycles in HN vs.
35 cycles in controls, P < 0.05), and TNF-/3/LT (25 cycles in HN
vs. undetectable in controls, P < 0.05), but IL-2 mRNA was not
increased (35 cycles in HN and controls, P = NS). Increased
expression of mRNA for the cytolytic molecules granzyme A (35
cycles in HN vs. undetectable in controls, P < 0,05) and perform
(25 cycles in HN vs. 30 cycles in controls, P < 0.05) implied that
activated cytotoxic cell populations were in the glomeruli. There
was also increased mRNA expression of the macrophage cyto-
kines TNF-cr (25 cycles in HN vs. 35 cycles in controls, P < 0.05)
and IL-b (25 cycles in HN vs. 35 cycles in controls, P < 0.05).
There was no increase in Th2 cell cytokines, with similar amounts
of IL-4 mRNA in both groups (35 cycles in HN and controls, P =
NS), and IL-6 mRNA not detected in either group.
Discussion
Our study clearly identified that in active HN the onset of
proteinuria was accompanied by a significant T cell and macro-
phage infiltrate in glomeruli, as well as the previously described
infiltrate in the interstitium. In this model there is very poor
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Fig. 6. RT-PCR of cytokine mRNA in renal
cortex at 8 weeks. Increased mRNA was
demonstrated for cytokines of Thi and Th2
subsets, and macrophages, but not cytotoxic T
cells. Symbols are: (El) Control group, N = 4;
(U) HN group, N = 4. ND is not detected.
correlation of Ig and C deposition in glomeruli, which occurs from
two weeks, and with the onset of proteinuria that occurs much
later at six to eight weeks. This study demonstrates that there is a
better temporal relationship with the onset of proteinuria and the
infiltration of T cells and macrophages into glomeruli. These were
first identified at four weeks, prior to the onset of proteinuria, and
increased at eight weeks. This infiltrate was comprised of acti-
vated CD4 Thi cells, CD8 cytotoxic cells, and macrophages.
The glomerular T cell and macrophage infiltrate in HN had been
previously undetected [9, 10] until cross-sectional analysis of large
numbers of glomeruli in routine sections was performed [ifl.
Monocytes liberating NO2 have previously been identified within
the glomeruli of rats with HN [12].
Due to the small numbers of cells in the glomerular infiltrate,
this study used isolated glomeruli to assess leukocyte subsets. The
direct staining with R73, a marker of the rat a/3 chain T cell
receptor, identified a T cell infiltrate. The subsets of T cells were
identified with CD4 and CD8 mAbs, which in the rat also identify
macrophages and NK cells, respectively. The CD4 cells repre-
sented both T cells and macrophages. As the mAb 3.2.3 did not
identify any infiltrate of NK cells in the glomeruli at any timepoint
it was concluded that the majority of CD8 cells in glomeruli were
T cells. The glomerular infiltrate differed from that seen in the
interstitium in three respects. First, the CD8 T cell infiltrate was
prominent in glomeruli and only minor in the interstitium.
Second, the infiltrate in glomeruli was present prior to the onset
of proteinuria but was delayed in the interstitium, only being
evident at eight weeks, which was after the onset of proteinuria.
Third, the NK cell infiltrate absent in glomeruli was present in the
interstitium. The possibility of the late interstitial infiltrate being
part of a specific attack on glomeruli, or secondary to the effects
of proteinuria, was not addressed.
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Inflammation within glomeruli can lead to induction of mesan-
gial cells to produce IL-i, IL-6, IL-8, IL-lU, TNF-a and RANTES
[44—47]. However, mesangial cells do not produce specific T cell
cytokines such as IL-2, IFN-y, TNF-/3, IL-4, or perform and
granzymes. Thus, the identification of mRNA of these latter
molecules and their profiles in glomeruli was concluded to be due
to infiltrating T cells. Perform and granzyme are also produced by
cytolytic T cells and NK cells, but the paucity of NK cells suggests
these cytokines are produced by cytolytic T cells, especially CD8
cells. The increased mRNA for TNF-s and IL-lU may be due to
induction of these cytokines in mesangial cells and/or infiltrating
monocytes, macrophages or T cells. Activated macrophages have
been identified in active HN [12], but their depletion by whole
body irradiation did not prevent the development of proteinuria.
However, irradiation would not have inhibited activated T-cell
function.
The identification of T cells, especially CD8 cells, and mac-
rophages in glomeruli raised the question as to what role these
cells played in the mediation of glomerular injury compared to the
prominent accumulation of Ig and C. Previous studies by our
group [11] have shown that temporary depletion of CD8 cells in
Lewis rats immunized with Fx1A markedly delays onset of
proteinuria, even though this therapy has no effect on Ig and C
deposition in glomeruli. Taken together with the data from this
report, these findings suggest that CD8 T cells may directly
mediate glomerular injury. Further support that the infiltrating T
cells mediate injury was the expression of mRNA for cytokines
and effector molecules, which would suggest that these cells are
activated or have cytolytic potential. This study used a semiquan-
titative RT-PCR assay to detect small increases in mRNA expres-
sion in glomeruli. Isolated glomeruli in rats with HN had signifi-
cant increases in mRNA for Thi cell cytokines (IFN-y and
TNF-13/LT). This T cell subset provides help for the generation of
cytolytic CD8 T cells and mediates DTH-type responses. These
cytokines also attract and activate macrophages which in turn
express TNF-a and IL-lU. Evidence for the presence of activated
cytolytic CD8 T cells in glomeruli was the identification of
perform and granzyme A molecules that compliment each other
in the mediation of cell lysis and apoptosis by these cells [17]. Th2
subset cytokines IL-4 and IL-6 were not identified in HN glomer-
uli.
T cell and macrophage infiltrates have been implicated as a
principal pathogenic mechanism in many animal models of GN. T
cell infiltrates have been identified within the glomeruli of Lewis
rats with HN [11] focal glomerulosclerosis [48], and in murine
lupus nephritis [49]; DTH-type mechanisms are principally re-
sponsible for injury in crescentic antiglomerular basement disease
in WKY rats [50]. Selective anti-T cell mAb therapy has been
shown to be effective in disease amelioration in a variety of
models, including anti-CD4 and anti-CD8 mAb therapy in Lewis
rats with HN [11], anti-CD4 mAb therapy in BN rats with
anti-glomerular basement disease [51], and anti-CD8 mAb ther-
apy in WKY rats with nephrotoxic serum nephritis [52].
The presence of glomerular T cells has been documented in
many forms of human glomerulonephritis including both prolif-
erative and non-proliferative disease [53—56], and their presence
is associated with a poorer outcome in crescentic IgA disease [57,
58] and type 1 membranoproliferative GN [57, 58j. Interstitial
infiltrates of T cells and macrophages have been demonstrated in
human membranous nephropathy, and it has been suggested that
the greater their density the more severe the disease [59]. Only a
few cells infiltrating glomeruli were identified on routine histol-
ogy. However, treatment with cyclosporine A (CsA), which im-
pairs T cell function and does not impair complement or Ig
mechanisms [60], reduces proteinuria in human membranous
nephropathy [61], and this effect is thought to be independent of
its hemodynamic properties [62]. CsA also delays the develop-
ment of HN [11, 63, 64]. Thus, glomerular injury in membranous
nephropathy may be T cell mediated [61, 62].
The relative role of T cells compared to antibody in forms of
human and animal GN that have Ig and C deposition remains to
be resolved. A pathogenic role for MAC has been proposed in
passive HN [65—67] and presumed to apply to active HN. The
study by Leenaerts et al demonstrated that C6-deficient PVG rats
develop active HN with identical tempo and severity to PVG rats
with an intact C system [6]. As C6 is essential for the formation of
MAC this study excludes MAC as a mechanism of injury.
If T cells contribute to the effector phase of HN, why does it
take weeks to induce proteinuria? In other models of autoimmu-
nity such as experimental allergic encephalomyelitis and neuritis
where effector CD4 T cells play a major role [68], disease
manifests within 7 to 10 days. One possibility is that the initial
immune response to Fx1A is predominantly Ab mediated, and the
deposition of Ig in glomeruli triggers a secondary T cell immune
response against Ag on glomerular epithelial cells. The T cell
response is likely to be a CD8 Class I restricted response, as
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therapy directed at CD8 T cells delays the onset of disease [11],
and CD8 T-cells were the major infiltrating T cells in glomeruli.
Such CD8 T cell responses only recognize antigen produced
internally by the cells and presented in the groove of class I MHC
molecules [69]. Thus, Ag given to the animals at the time of
immunization would not trigger a CD8 cell response, as this Ag
could not be presented by host class I MHC. If this sequence of
immunization is correct, Ig deposition in human glomeruli may
trigger T cell responses to glomerular cell components, secondary
to locally generated inflammation. The secondary autoimmune
cell responses may then result in progression of disease with
glomerular injury and proteinuria. Such a hypothesis could ac-
count for the variation in clinical courses of human membranous
nephropathy with the triggering of a destructive secondary auto-
immune responses resulting in disease progression in some indi-
viduals. Those with a benign course may not make such a
secondary immune response, and may have less proteinuria.
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